A randomized complete block design experiment was conducted using 408 crossbred pigs to evaluate the effects of six dietary Ca/P levels for growing swine (18 to 57 kg). Total dietary P levels ranged from .40 to .90% in .1% intervals with Ca concurrently increased at a 1.3:1 ratio in a 16% protein corn-soybean meal diet. Dicalcium phosphate and limestone were the source of inorganic Ca and P. For the overall trial, daily gain and feed intake improved as dietary Ca/P increased to an approximate level of .65/.50%. An inverse relationship occurred between serum Ca and P, with serum Ca declining and P increasing at the lower mineral levels. Femur, humerus, rib, metatarsal and metacarpal ash content increased quadratically (P< .01) as dietary Ca/P increased with suggested dietary breakpoint inflections of .90% Ca and .70% P at 40 kg, and at .72/.55% levels at 57 kg body weight. Percentage ash of the head portion of the bone was lower than the shaft section. Bone shaft thickness and bending moments for metatarsals and metacarpals increased as dietary Ca/P levels increased, with higher values and higher dietary inflection points at 57 than at 40 kg body weight. Bone length was not influenced by dietary Ca/P level, but fat-free dried bone weight was, resulting in higher total bone ash 
Introduction
The NRC (1979) Ca and P standards for growing-finishing swine are based primarily upon adequate dietary levels to attain optimum weight gain, not maximal skeletal mineralization. Data from several sources (Chapman et al., 1962; Miller et al., 1962; Libal et al., 1969; Fammatre et al., 1977; Mahan et al., 1980; Nimmo et al., 1981; Mahan, 1982) have consistenfly demonstrated that maximum bone ash in swine occurs at dietary mineral levels higher than that required for optimum gain and feed utilization. Although the supplementation of these minerals to attain maximum skeletal mineralization do not appear necessary for market animals, its value for reproducing swine has yet to be clearly defined. Brown et al. (1972) have shown that maximum bone formation occurs during the first 12 wk of life, concurrent with the period of maximum muscle formation. Most gilts for the breeding herd are not selected until the latter part of the finishing period when bone formation is largely completed. Although, compensatory bone mineralization has been shown to occur by market weight when inadequate mineral levels were provided during the early growth stages (Fammatre et al., 1977) , these effects on later structural abnormalities are not known. Therefore, it would appear logical to examine the Ca/P dietary needs during various developmental stages at narrow weight measurement intervals.
Whether growth measurements, blood mineral concentrations, bone ash or breaking strength measurements should be the preferred 1124 JOURNAL OF ANIMAL SCIENCE, VoL 56, No. 5, 198.3 criterion for assessing Ca and P needs is not well defined, for each gives a different answer. Generally, bone ash plateaus at an approximate .10% higher dietary Ca and P level than that necessary to attain maximum growth rate and feed conversion (Mahan et al., 1980; Mahan, 1982) , while breaking strength is maximized at a yet higher dietary level (Cromwell, 1979) . The objective of this study was to evaluate various dietary Ca and P levels for growing swine from 18 to 57 kg body wt using performance and various bone and blood characteristics. Pigs were previously fed diets containing levels of .90% Ca and .70% P from weaning to the start of this study. Experimental diets were formulated to 16% crude protein from corn and soybean meal. Dicalcium phosphate and limestone were the inorganic sources of Ca and P with their relative proportion altered to achieve the desired total dietary concentration of both nutrients, and added at the expense of corn starch. The percentage composition of experimental diets is presented in table 1.
Experimental Procedure
At the approximate midpoint (40 kg) and end of the experiment (57 kg), blood samples were collected via the vena cava. Serum collected was frozen for later analysis. Calcium and Mg concentrations were determined by atomic absorption spectrophotometry and P by the method outlined by Sigma Chemical Company (1981) . At both weight periods, seven to nine representative pigs were selected from each treatment group, killed and the femur, humerus, 5th and 6th rib, metacarpal and metatarsal collected from each and frozen for later measurements and analyses.
All bones were manually cleaned of residue after immersion in boiling water, with the articular cartilage left intact. Femur and humerus were weighed and then sawed in half longitudinally. The diameter of these bones was measured at the shaft midpoint and bone length determined from the most extreme points using a metric ruler. Bone wall thickness was determined to the nearest millimeter by averaging measurements made with Vernier calipers at the shaft midpoint and midway toward both ends. The other half of both bones was subsequently ashed while the other halves had both head ends removed at about the center of the metaphysis. The heads and shafts of each were subsequently ashed. Before ashing, all bones and(or) bone sections were reduced in size by sawing, dried, extracted for 24 h using absolute ether, dried again for 24 h at 100 C and then ashed in a muffle furnace at 600 C. Bone ash is expressed as a percentage of the dried fat-free bone.
One-half of the metacarpal and metatarsal bones from the fore and rear legs were stored at -2 C while the others were dried at 100 C for 24 b. Breaking strengths of both wet and dry bones were determined with an Instron Testing Machine. Force was applied at a constant speed (5 cm/min) with a recorder used to plot peak force. Bending moment was calculated as suggested by Crenshaw et al. (1981) . Only wet metacarpal and metatarsal bones were evaluated at 57 kg because of the extreme variability encountered with dried bone during the earlier measurement period.
The data were analyzed, using pen means as the experimental unit, by the least-squares method of Harvey (1960) and single degree of freedom treatment comparisons were conducted. Breakpoint analyses were conducted on various measurement criteria after a quadratic (P<.05) response was obtained by calculating two linear regression lines. Linear regressions that maximized the R 2 in the horizontal and vertical directions of the curve were selected, with the intercept of the lines interpreted as the point of inflection.
Results and Discussion
Performance. During the period from 18 to 40 kg, increasing dietary Ca and P levels resulted in linear improvements in daily gain and feed intake while the feed to gain ratio was unaffected (table 2) . From 40 to 57 kg and for the overall period (18 to 57 kg) daily gain and feed intake both increased quadratically (P<.05), plateauing at about .65% Ca and .50% P.
These data demonstrate that pig gain and feed performance was influenced more by Ca/P during the earlier (18 to 40 kg) than the latter (40 to 57 kg) period, implying that the need for these minerals for muscle and(or) bone tissue were declining during the latter half of this growth phase. These results suggest a lower dietary Ca/P requirement as the pig matures and that a dietary level of .65/.50% Ca/P appears to result in maximum growth and feed conversion responses for the overall period from 18 to 57 kg body weight. Newman and Elliott The enhanced responses observed in this experiment for both daily gain and feed intake are attributed more to dietary P than Ca because a larger proportion of it was from the cereal grain, and its availability is low from these sources. Phosphorus has also previously been shown to exert a greater influence on growth characteristics than Ca (Chapman et al., 1955 (Chapman et al., , 1962 Libal et al., 1969; Mahan, 1982) .
Serum Minerals. Serum Ca at both weight periods (40 and 57 kg) was highest when the lowest dietary Ca/P level was provided, whereas it was similar at the other dietary concentrations (table 3) . Serum Ca levels were somewhat lower at 57 as compared with those at the 40 kg period (table 3) . Breakpoint analysis demonstrated the inflection point for serum Ca at both weight periods (40 and 57 kg) occurred at the .65% dietary Ca level. Serum P concentrations responded in an inverse manner to serum Ca as dietary Ca and P increased. Serum P increased as dietary Ca/P levels increased before plateauing (P<.01) at the higher levels. Breakpoint analyses of serum P indicated a dietary P inflection point at about .50% P for both weight periods. Other investigators (Reinhard et al., 1976; Fammatre et al., 1977; Mahan et al., 1980; Mahan, 1982) have also shown inverse relationships between serum Ca and P as these dietary mineral levels were increased. Vipperman et al. (1974) suggested that dietary P has a greater effect on plasma Ca and P concentrations than dietary Ca.
Serum Mg concentrations at both 40 and 57 kg were not affected by dietary Ca and P levels evaluated in this experiment. Serum levels were similar at both periods and consistent with previous reported values ( Ullrey et al., 1967) .
Breaking Strength. Increasing dietary levels
of Ca/P resulted in a quadratic (P<.01) increase in metatarsal and metacarpal bending moments of wet bones at 40 and 57 kg body weight (table 4), except for the metatarsal which responded linearly (P<.01) at 57 kg body weight. Metatarsals and metacarpals at 57 kg had higher bending moments than at 40 kg body weight to dietary minerals additions suggesting increased mineral deposition in the bone shaft as the pig matured.
Breakpoint analysis of the bending moments for both bones at 40 kg averaged .68%, whereas at 57 kg bending moments for the metacarpal plateaued at 1.04/.80% or were highest at the 1.17/.90% Ca/P level for the metatarsal.
Although the bending moments of dried bones at 40 kg increased as Ca/P increased, they declined dramatically when the higher dietary Ca/P levels were provided. Because dried bones showed this decrease when increased mineralization occurred and because they also demonstrated more variability in breaking strength than wet bones, particularly at higher levels of Ca/P, they were not evaluated at the final period.
No differences in bone bending moments were indicated between barrows and gilts at either 40 or 57 kg body weight.
These results are in general agreement with others using swine from 1 to 7 mo of age (Crenshaw et al., 1981; Nimmo et al., 1980a,b) , each of who demonstrated that maximum breaking strength occurred at higher mineral levels than that necessary to attain optimum growth rates.
Bone Asb. Percentage ash values for the various bones at 40 and 57 kg each increased quadratically (P<.01) as dietary Ca and P level increased (table 5) . Ash percentage was higher at 57 than at 40 kg body weight for each treatment, indicating increased mineral deposition relative to the organic matrix as the animal matured. Mahan et al. (1980) previously suggested that the inflection point of the curve may be used as an indicator for estimating the animal's Ca/P requirement for bone mineralization. At 40 kg this occurred at the .90/.70% Ca/P level, whereas at 57 kg it was at about the .72/.55% levels. These suggested dietary estimates from the breakpoint analysis at the two weight intervals indicate decreased skeletal demand for Ca and P as the animal matured. This trend is in agreement with the performance data, but in contrast to the dietary estimates from bending moments, which indicated a higher dietary inflection point at the heavier weight.
When the femur and humerus were partitioned into shaft and head section and ashed, quadratic (P<.01) responses resulted for dietary Ca/P leveIs (table 6) . Breakpoint analysis at 40 kg resulted in a dietary P inflection point of .63% for both the humerus and femur shafts, while the breakpoint for the head sections of the two bones was about .66%. Inflection points at 57 kg were lower than at the 40 kg period being; femur and humerus shaft .57 and .50% P, and femur and humerus head, .66 and .59% P, respectively. These dietary inflection points indicate that greater mineral needs were necessary for the head than the shaft section and that the dietary Ca/P level needed to attain maximum mineralization for both sections declined as the pig matured.
Shaft ash percentage compared with that of the head indicated differing mineral deposition rates. Shaft ash percentages were higher than those in the head section. As dietary Ca/P increased there was a greater relative increased mineralization in the head than the shaft section. The head region also contains a larger proportion of the exchangeable Ca pool, from which Wasserman (1977) suggests that it may be of more importance relative to the Ca/P reservoir status of the animal.
No sex differences in ash values for the bone half or its section were observed at either weight period.
Physical Measurements. Various bone measurements were collected on the femur and humerus at two weight periods (table 7) to assess the responses to dietary Ca/P levels.
No significant differences were observed at 40 kg body wt in the wet femur or humerus bone weight while the dried fat-free bone weight increased linearly to dietary mineral. In both measurements pigs fed the lower Ca/P level had the lightest bone weight. Wet femur and humerus bone weight increased linearly by 57 kg as dietary mineral level increased with a plateau indicated at about the .90/.70% level, coinciding where fat-free bone weight plateaued. Nimmo et al. (1981) reported that growing gilts fed higher Ca/P levels also had heavier bones than those fed lower dietary mineral levels.
The quantity of ash arid organic constituents in both bones increased (P<.01) at both weight periods to about the .90/.70% dietary Ca/P level, suggesting enhanced cellular and mineralization responses.
Bone width and shaft thickness were affected, but bone length was not influenced by dietary Ca/P levels at both weight periods, confirming that length of bone is of a higher developmental priority than diameter. Coalsen et al. (1974) also indicated that bone diameter increased with increasing levels of dietary Ca/P with weanling swine. Bone width was significantly affected (P<.01) by dietary Ca/P levels at 40, but not at 57 kg; whereas, shaft thickness of the bone increased quadratically (P<.01) to dietary mineral levels for both bones at both weight periods. Wall shaft thickness can change without concurrent changes in bone diameter from bone osteoblastic and osteoclastic cellular activity. These results imply that greater osteoblastic activity occurred at the higher mineral levels as suggested by the thicker wall when these dietary treatments were fed. Breakpoint analysis of wall thickness indicated approximate dietary inflection points of .90% Ca and .70% P at both weight periods, coinciding approximately with the breakpoint estimates for bending moment. Bending moment mea- These results suggest that during the early growth period daily gains and feed intake respond to higher dietary Ca/P levels, whereas as animals mature lower levels are necessary to attain optimum performance responses. Maximum bone ash values are obtained at higher dietary Ca/P levels than necessary to attain maximum growth responses, but decline similarly as performance criteria. Average dietary Ca/P inflection points to optimize bone shaft thickness, width and bending moment were generally similar, but did not decline during both measurement periods. 
